Purpose: Ninety percent of patients with advanced cancer have moderate to severe pain, and up to 70% of patients with cancer pain do not receive adequate pain relief. This randomized controlled clinical trial was designed to determine the feasibility and evaluate the effects and safety of intradermal acupuncture (IA) in patients who were being administered analgesics for cancer pain. Methods: Advanced cancer patients experiencing pain were randomly assigned to IA or sham IA treatment for 3 weeks (15 patients for each group), wherein the CV12, bilateral ST25, LI4, LR3, PC06, and Ashi points were selected and stimulated. Follow-up evaluations were conducted 3 weeks after the end of treatments. The grade and dosage of analgesics for cancer pain, pain intensity, quality of life, and safety were assessed. Results: Twenty-seven patients (90%) completed 6-week trial, and no serious adverse events were associated with either IA or sham IA procedures except the transient side effect such as fatigue. Nine patients in the IA group (64.3%) and 5 in the sham IA group (38.5%) responded to the 3-week intervention. These patients were mostly in the nonopioid and the weak opioid levels of the World Health Organization analgesic ladder. Self-reported pain declined by −1.54 ± 1.45 and −1.15 ± 1.57 in the IA and sham IA groups, respectively, with improved quality of life reported. Conclusions: IA treatment appears feasible and safe for advanced cancer patients. It might reduce analgesic usage in the early World Health Organization analgesic ladder stage cancer patient, though it could not show significant outcome differences due to design limitation of sham IA.
Introduction
Pain is the most common symptom in patients with cancer. A systematic review of the literature from 1966 to 2005 revealed that pain was reported in 25% for those patients newly diagnosed with cancer, 33% for those undergoing active treatment, and greater than 75% for those with advanced disease. 1 Relief of pain is a priority oncology care to improve quality of life (QOL) in activities of daily living and the patient's ability to endure treatment. 2 Since 1986, the most widely accepted strategy for cancer pain management has been proposed by the World Health Organization (WHO), which suggests administering a sequential 3-step analgesic ladder from nonopioids to weak opioids to strong opioids according to pain intensity. 3, 4 However, nearly half of all cancer patients are not adequately treated for pain. 5 Most patients are reluctant to receive opioids for fear of adverse effects, 6 and a combination of pharmacologic and nonpharmacologic treatment modalities for cancer pain is the standard of care, as cancer pain is complex and multifactorial. 7 Nevertheless, most health care providers overlook nonpharmacologic and complementary therapies. Therefore, a comprehensive pain management strategy is required.
Acupuncture has been suggested as a safe treatment intervention for cancer pain as well as for cases of chemotherapy-induced nausea and vomiting, neuropathy, xerostomia, and hot flashes. [8] [9] [10] Although acupuncture has been clinically proven to relieve various types of pain such as chronic low back pain or tension-type headache, 11, 12 the recent Cochrane Reviews on acupuncture for cancer pain still demand well-designed clinical trials to provide evidence for effectiveness of acupuncture for cancer pain. 13, 14 However, a complete double-blinded, placebo-controlled trial is very challenging in acupuncture treatment, as in many trials of nonpharmacological pain management. 15 Acupuncture is not widely used in cancer patients, which might be due to poor access to acupuncture treatment. 16 Conventional acupuncture treatment is usually administered twice or thrice a week, thus lacking the benefit of continuous relief for cancer pain. Intradermal acupuncture (IA), which can be self-managed and stimulated for breakthrough pain, is thus a good candidate for investigation. Although several studies have investigated the effects of auricular IA on cancer pain, few randomized controlled trials have assessed the effects of whole body stimulation using IA on cancer pain. 17, 18 The aims of this pilot study were to evaluate the feasibility and safety of an IA treatment protocol designed to reduce cancer pain in advanced disease, and to explore pretreatment to posttreatment changes.
Methods

Study Design and Ethics
The aim of this randomized controlled trial was to investigate the feasibility, effectiveness, and safety of IA (compared with sham IA) with analgesics in the treatment of cancer pain. The changes in grade on the WHO analgesic ladder, analgesic dosage, self-reported pain scale, and QOL were observed. All adverse events were also assessed. The clinical trial was performed as a single-center, patientassessor-blinded, randomized, sham-controlled clinical trial with 2 parallel arms. Taking into account the minimum number of subjects necessary to assess the effects of IA as a pilot study, we calculated a total sample size of 30 patients, 15 in each group. 19, 20 This study was reviewed and approved by the ethics committees of the Dankook University (Approval No. DKU 2016-02-001) prior to recruitment. The study was carried out in accordance with the Declaration of Helsinki and the Guidelines for Good Clinical Practice. This protocol was registered on the site of "Clinical Research Information Service" of the Republic of Korea, a registry in the WHO Registry Network (https://cris.nih.go.kr/; Identifier No. KCT0001897).
Study Population
Both males and females were eligible. Other inclusion criteria included age >18 years, advanced cancer stage confirmed pathologically or radiologically with only palliative chemotherapy available, clinical symptoms of cancer pain for which analgesics had been prescribed, Eastern Cooperative Oncology Group performance status 0 to 2, life expectancy >6 months, and signed written informed consent for trial participation. Exclusion criteria included hypersensitivity to acupuncture or inability to cooperate with the acupuncture procedure, lack of willingness to comply with the study protocol for reasons including problems with visually and auditory communication (eg, reading, writing, hearing, speaking, and watching), women who were pregnant, breastfeeding, or of childbearing age and not on a proper method of birth control, and patients deemed inappropriate by the investigator based on the investigator's expectation of rapid cancer progression.
Randomization and Blinding
The eligible participants were randomized 1:1 to the IA group or sham IA group. Administration of analgesics according to the WHO analgesic ladder would probably result in a variable baseline, because each patient would probably report a different level of pain. Having patients at different medication baselines could potentially confuse the interpretation of the study results. Therefore, randomization was stratified according to the administration of nonopioids, weak opioids, or strong opioids. Random numbers were generated by a computerized random number generator using the block randomization method using R program by an independent statistician. Sequentially numbered opaque sealed envelopes containing the randomization assignments were kept in a secure place. Only the clinician administering IA therapy knew what treatment the patient had been administered, but he was prohibited from accessing any measurements for outcomes. The subjects, the outcome assessors, and the statistician performing the data analyses were blinded to treatment allocation throughout the study.
Intervention
In the experimental group, patients received IA treatment for 3 weeks on the specified acupuncture points (CV12, bilateral ST25, LI4, LR3, PC06, and additionally 0-3 Ashi points). The acupuncture points were selected by consensus of an expert committee composed of professors and researchers who specialize in traditional Korean medicine, and on the basis of literature reviews. 9, 21 Single-use, sterile, stainless steel IA needles measuring 0.18 × 1.3 × 1.5 mm (Dong Bang Medical Co Ltd, Boryeong, Korea) were fixed with skin tape (Supplementary Figure S1 ; available in the online version of the article). Each IA needle was kept attached on the skin for 48 to 72 hours, and all patients were instructed to press all the needle sites with their hands twice a day. Every week, the attached skin sites were sterilized and checked by the clinicians. In the sham IA group, all interventions were the same as those of the experimental group, including the issuance of the same instructions. However, the tip of the needle was bent so as to cause a pricking sensation mimicking real acupuncture without actually puncturing the skin. 22 All IA and sham IA treatments were performed by doctors of Korean medicine who have been certified by the Korean Ministry of Health and Welfare, had at least 3 years of clinical experience, and had received more than 6 years of college education in Korean medicine.
Outcome Measures
The effect of the intervention on cancer pain was explored by measuring 3 outcomes (Table 1 ). The first was the primary outcome of the change in grade and dosage of analgesics for cancer pain between baseline and 1-and 3-week posttreatment assessments. Patients were considered responders if they experienced reduction in the analgesic usage. The second outcome was pain intensity assessed using a numerical rating scale (NRS), a patient-rated pain. The NRS is validated as being superior to verbal rating scales in patients with cancer pain. 23 Subjects were asked to rate their average pain symptoms on an 11-point scale (0 = no symptoms; 10 = worst possible symptoms). The third outcome was QOL measured by the European Organization for Research and Treatment of Cancer QOL questionnaire (EORTC QLQ-C30), a 30-item questionnaire assessing 5 functional scales (physical, role, cognitive, emotional, and social), 3 symptom scales (fatigue, pain, nausea, and vomiting), and other symptoms and problems frequently encountered in cancer patients (dyspnea, appetite loss, insomnia, constipation, diarrhea, and financial difficulties). The validity and reliability of the scale have previously been demonstrated. 24, 25 Feasibility, Adherence, Safety, and Credibility Feasibility of recruitment to the study was assessed as proportion of eligible and interested persons, and feasibility of the protocol was assessed as the proportion of individuals completing the treatment against those who originally started the treatment regimen. An adherence standard of 80% of IA or sham IA attended as scheduled, without noshows or cancellations, was set as acceptable feasibility. Any expected or unexpected adverse events related to this study were recorded and monitored until their resolution. Safety was also be assessed by performing blood tests, including a complete blood count, and renal and liver function tests at the screening visit and after the end of treatment. Vital signs were measured, and adverse events were recorded at each visit. The patients were asked at the end of follow-up to guess which treatment they were receiving to determine the credibility of the IA control condition.
Statistical Analyses
Baseline demographic and clinical characteristics of patients are reported as mean ± standard deviation for continuous variables and as frequencies and percentages for categorical variables. Continuous variables were analyzed by independent sample t tests or Wilcoxon rank sum tests, and categorical variables were analyzed using the χ 2 or Fisher's exact test, according to whether or not the data were normally distributed. Cochran-Mantel-Haenszel test stratified by the WHO analgesic ladder was used for the differences in primary outcome between the 2 groups as well as independent t tests between the 2 groups and a repeated-measures analysis of variance in secondary outcomes. The factors were modes of treatment (4 levels: preacupuncture, postacupuncture, 1-week follow-up, and 3-week follow-up), groups (2 levels: IA treatment and sham IA), and their interaction. The significance level was set at P < .05, and post hoc analyses were performed where appropriate using the SPSS for Windows, Version 22.0 (IBM SPSS Statistics, Armonk, NY).
Results
Among the 156 patients screened between February and June 2016 in our institution, 49 met the inclusion criteria. The recruitment goal of 30 participants (61.2%) was met and enrolled in the trial after 19 patients refused to participate ( Figure 1 ). Randomization resulted in comparable groups: 15 randomly assigned to receive the IA treatment and 15 to receive the sham IA treatment. One participant in the IA group and 2 in the sham IA group withdrew consent after enrollment. Any evaluation was not available for them, because they withdrew from the study before week 1. Therefore, they are excluded from the analysis. There was no significant difference among groups in baseline demographic and clinical characteristics ( Table 2 ). The remaining 27 subjects constituted the IA group (n = 14) and the sham IA group (n = 13). The subjects had mean age of 56 years (range = 42-73), mean NRS of 5.70 ± 1.76 points, and mean EORTC QLQ-C30 score of 71.18 ± 13.01 points. Twenty-seven of the 30 enrolled patients (90.0%) completed 3 weeks of IA or sham IA treatment, and they completed all 6 weeks of the trial. The 3-week and 6-week completion rates met the feasibility criteria (80%). Adverse events related to IA treatment occurred in only one IA participant. The patient experienced fatigue, which resolved quickly. No other adverse events including any changes in blood tests were observed in both groups.
In the primary outcome, 64.3% of the patients (9/14) in the IA treatment group reported a reduction in the consumption of analgesics, with regard to the baseline level, in comparison with 38.5% (5/13) of the sham IA group (P = .180; Figure 2 ). Stratification analysis by the WHO analgesic ladder also failed to demonstrate statistical significance between the groups (P = .111). However, 12 patients in the WHO analgesic ladder levels I and II in both groups had reduced analgesic usage compared with only 2 subjects in level III (P = .017). The self-reported level of pain using NRS had significantly decreased by −1.54 ± 1.45 and −1.15 ± 1.57 after treatment, by −1.57 ± 2.06 and −1.54 ± 1.20 at the first follow-up, and by −1.00 ± 2.22 and −1.08 ± 1.38 at the end of follow-up in the IA group and the sham IA group, respectively (P < .001; Figure 3A ). The QOL score using EORTC QLQ-C30 had significantly improved by −7.29 ± 10.58 and −8.77 ± 11.14 after treatment, by −7.86 ± 10.45 and −5.38 ± 10.70 at the first follow-up, and by −11.43 ± 6.77 and −7.69 ± 15.36 at the end of follow-up in the IA group and the sham IA group, respectively (P = .003; Figure 3B ).
Discussion
Pain is common and devastating, frequently cited by cancer patients as having a substantial impact on activities of daily living and QOL. Previous data have shown that a higher QOL is strongly associated with longer survival among patients with advanced cancer. 26, 27 Therefore, active and early integration of palliative care for patients with advanced cancer is a clinically important strategy with positive effects on survival and QOL. 28 IA treatment is usually used on the ear, known as auricular therapy. 17 It can also be applied on acupuncture points or pain sites so that the pain relief can be self-managed and continuously stimulated by subjects. In this trial, IA treatment on meridian acupoints was demonstrated to be very feasible and safe for advanced cancer patients with pain. The effect of IA with analgesics on cancer pain was evaluated against the primary outcome measure-changes in dosage of analgesics for cancer pain. Fourteen participants (51.9%) reduced their analgesics for cancer pain during the trial, which was not statistically significant between the groups. NRS scores also confirmed the effect of IA or sham IA treatment on pain, which was maintained at the first follow-up (at 1 week) and was slightly decreased at the end of the follow-up (at 3 weeks). Similar alteration was observed for QOL as a secondary outcome, allowing the assessment of how much pain relief due to acupuncture treatment improved the QOL of cancer patients.
As the design of a credible sham acupuncture is always an issue, we should be cautious as to whether the sham intervention acted as a plausible control. 15 Sham methods in IA were categorized into several types: (1) same treatment on nonacupuncture points or acupuncture points that are not theoretically effective for the disease and (2) sham needles or adhesive patches without pellet/seed on the same acupuncture points as experimental group. The second type was used in this study. For the blinding of the treatments, all interventions were the same as those of the IA group except that bent stainless steel needles were used, not intended for insertion into the skin. In the credibility evaluation, only 4 patients in the sham IA group identified the procedure as sham acupuncture, compared with 2 patients in the IA group when they were asked about the treatment allocation at the end of the study. Acupressure, acupoint stimulation with fingers or hands has been shown to be effective for relieving a variety of pains. 29 It is additionally suspected that the bent needle was providing stimulation via the skin due to design limitation of sham needle.
Despite the lack of difference between groups, the responders to IA or sham IA treatment mostly belonged to level I or II categories in the WHO analgesic ladder, depicting nonopioid and weak opioid levels. The analgesics that were reduced included acetaminophen (n = 4), acetaminophen/tramadol hydrochloride (n = 4), ibuprofen (n = 3), and acetaminophen/ibuprofen/codeine phosphate (n = 1). Therefore, an IA treatment could be recommended for an early WHO analgesic ladder stage rather than one depending on strong opioids. The low dropout rate, with only 3 subjects withdrawing consent before week 1, reflected the patients' satisfaction with IA treatment. Considering the adverse effects from strong opioids, it would be helpful to delay the stronger morphine administration with IA treatment.
The needling depth of clinical efficacy in acupuncture treatment is not standardized. 30 There is lack of welldesigned research to compare the therapeutic effects, thus making the proper needling depth for clinical efficacy in each acupuncture point remain obscure. In terms of safe needling depth of acupuncture points, the risk of infection may increase as the needle penetrates deep into the skin. Therefore, our study suggests that the needling depth of IA treatment for 3 weeks is safe for advanced cancer patients with or without chemotherapy. A lot of clinical and animal studies have suggested that acupuncture may be beneficial to cancer patients with pain. 31 However, the selected acupoints in the clinical studies were very inconsistent. 32 Therefore, the appropriate acupoints should be investigated according to the various cancer pains. This study has several limitations. First, the analgesic usage data were based on the participants' self-reports. Korean cancer patients have been reported to be afraid of an addiction to analgesics. 6 The patients in this trial were more likely to reduce the dose of analgesics. It is thus possible that the patterns of change in medication use are attributable to the Hawthorne effect (the participants' response to observation and assessment). 33 Second, the personal manipulation of the needles in some way may affect the outcome. Third, the subjects in the trial were strictly selected from the inclusion/exclusion criteria despite having advanced cancer. Therefore, the findings should be applied to those with stable disease who have a good performance status. Finally, the follow-up observation period was only for 3 weeks, because cancer progression might have biased the outcomes.
Conclusions
The findings from this study suggested that IA treatments appear feasible and safe for advanced cancer patients. Although the study did not indicate a statistical significance between the experimental and sham groups, it provides support for expanding the usage of acupuncture with the IA method in cancer pain level I or II categories in the WHO analgesic ladder and recommends targeting the patient's analgesic grade for IA treatment. A large-scale study with better nonpenetrating sham IA device and appropriate placebo point selection would be necessary to show the clinical benefits of IA on the body meridians.
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Clinical Research Information Service: KCT0001897, registered on April 25, 2016.
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